Sound waves in the stopping bands are quickly damped spatially, in other words, become evanescent so that they cannot be propagated forward. The damping in this case has nothing to do with energy loss transformed into heat so it can occur in the lossless case. Frequency domains outside of the stopping bands are called "passing bands" (or simply "passbands") in which sound waves can be propagated without damping. Then the passing bands are characterized by emergence of dispersion due to the periodic arrangements of the resonators. In the 1ossy case, however, the sound waves are always subjected not only to the damping due to both the wall friction and the thermoviscous diffusive effect of sound, 1446
but also to the weak dispersion due to the former :fleet. Therefore, the stopping bands and the passing bands cannot be distinguished sharply from each other unlike in the lossless case. But as far as the dissipative effects remain small, the stopping bands can be identified because the damping there is enhanced pronou. ncedly relative to the intrinsic damping.
In the following, we recapitulate the linear acoustic theory taking account of weakly dissipative effects. The dispersion relation is derived on assuming plane waves over a tunnel's cross section displaced by a thin boundary layer. The cross-sectional area of the resonators's throat is assumed to be so small that the resonators are regarded as being connected at "points" along the tunnel. By making use of the smallness of the resonator's volume relative to the tunnel's one per axial spacing, asymptotic behaviors of the stopping bands are examined and then the dispersion relation is solved numerically.'For a plausible case, the dispersion relation and the Bloch wave functions for the pressure are displayed. Finally the validity of the continuum approximation is discussed in terms of the dispersion relation derived.
I. UNEAR ACOUSTIC THEORY
At the outset, we summarize results of the linear acoustic theory necessary to the analysis in the following sections. In the tunnel between the neighboring resonators, propagation of plane sound waves is assumed over the tunnel's cross section displaced by a thin boundary layer on the wall. This assumption is justified if the ratio of a typical thickness of the boundary layer (v/to) ia to a hydraulic radius of the tunnel R is small enough:
where v and to denote, respectively, the kinematic viscosity of the air and an angular frequency. Although this ratio is found to be very small, the wall friction due to this thin boundary loyer is taken into account. In addition, the diffusive effect of sound itself is also taken into account. Quantitatively, this effect is measured by the inverse of the acoustic 
Next we consider the response of the resonator to pressure fluctuations at the orifice. The cavity's volume is much greater than the throat's one, so a motion of the air in the cavity is negligible. Hence we consider only the conservation of mass in the cavity: (7) where V and Pc denote, respectively, the cavity's volume and the mean density of the air in it, while w c denotes the velocity of the air flown into the cavity, averaged over the whole throat's cross section.
In the throat, the compressibility of the air is negligible because the throat's length L is much shorter than a typical wavelength ao/to (divided by 2,r). Therefore the axial velocity w is regarded as being uniform along the throat so that w c and w are set to be equal. We now eliminate w (= we) from Eqs. (7) and (8). By the adiabatic approximation for the air in the cavity, use is made of the relation Opc/Ot= (dpc/dPc)Opc/Ot, Pc being the mean pressure in the cavity. Furthermore approximating dpc/dpc = ao 2, Eqs. • But this factor is here considered to be incorporated into r formally by adjusting r--,r/cL and therefore cL is set equal to unity in the following analysis. For p; varying harmonically in the form of P Xexp(-itot), the volume flow Bw from the tunnel into the throat is induced similarly in the form of Q exp(-itot), where P and Q denote complex amplitudes. The ratio P/Q defines an acoustic impedance of the resonator Z B depending on to. By using Eqs. 
(10) and that of pressure to to/too = 1.005, which is to be compared with the approximate result 0.4665 at to/too= 1. Next we take account of the dissipative effects. ff the dispersion relation is displayed with the same scalings as in Fig. 2 , no differences can be recognized except that the imaginary part due to the side branch resonance is now suppressed to be finite. In order to make the differences stand out, a kind of deviations from the dispersion relation in the lossless case is illustrated. In the lossless case, q approaches to/a o as to increases. This means that the sound waves tend to be nondispersive in the high-frequency limit just as in the tunnel without the array of resonators. In view of this, it appears to be informative to illustrate the real part of qd subtracted by tod/a o. Figure 4(a) shows the real part qd-½oto/too with ½0 = tood/ao as the abscissa and the', normalized frequency to/too as the ordinate. The solid line: represents the numerical solutions in the 1ossy case while the broken line represents the numerical ones in the lossless case. Even in this figure, the dissipative effects are found to be very small. In Fig. 4(a) , the real part is of course bounded as to/m0--•l. The real part for the Bragg reflections is seen to exhibit a structure similar to that of the side branch resonance where the real part qd minus ½0to/too vanishes at to= tom in the lossless case. On the other hand, Fig. 4(b) shows the imaginary part of qd with the abscissa magnified by 103 times compared with that in Fig. 2 . The imaginary 
Here we introduce the functions •-+(Xn): 
•-+(Xn)=[c• exp(ikxn)+c • exp(-ikxn)] exp(-T-iqxn),
where only the lowest dissipative terms are retained and the product of these terms with t½ has been discarded because • is also assumed small in the continuum approximation. It is readily seen that both dispersion relations (62) and (65) In a plausible case, the wall friction and the diffusive effect of sound are very small except for the stopping bands. In a narrow frequency domain around the side branch resonance, the dissipative effects play a primary role to render the damping rate large but finite. For the Bragg reflection, however, the damping rates themselves are finite even in the lossless case so that the effects are found to remain secondary.
Interesting finding is that in case where the side branch resonance coincides with the Bragg reflection, the structure of the real and imaginary parts due to the side branch resonance is destroyed and the bandwidth is widened even in the lossless case. In the 1ossy case, however, it is found that the damping rate is suppressed significantly, though in the very narrow region around the frequency of the side branch resonance.
The continuum approximation and further the far-field approximation can provide a good description of the full dispersion relation in the low-frequency domain. Even beyond this domain, they agree well with the full dispersion relation, although they fail, of course, to describe the Bragg reflections resulting from the discrete distribution of the resonators. While both approximations underestimate the damping over most of the frequency domain, it is noted that they overestimates the dispersion and the damping in a very narrow frequency domain around the side branch resonance.
